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(54) Multilayer electronic device and method for producing same 



(57) A multilayer electronic device comprised of a 
capacitor body in which a plurality of internal electrodes 
are separately arranged in a plurality of blocks via ce- 
ramic layers. At least one lead is led out from each in- 



ternal electrode. The terminal electrodes connected to 
each lead is arranged at the side faces of the capacitor 
body. The polarities of the voltages supplied to the near- 
by terminal electrodes in the same side face differ. 
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. Description 

[0001] The present invention relates to a multilayer 
electronic device reducing the equivalent serial induct- 
ance (ESL) and able to be used as a capacitor array and 
a method for producing the same, more particularly re- 
lates to a multiterminal multilayer capacitor and a meth- 
od for producing the same. 

[0002] In the past, capacitors have been made wide 
use of as types of electronic devices. Multilayer ceramic 
capacitors are also being used in power supply circuits 
of LSIs. 

[0003] On the other hand, in a power supply circuit of 
a CPU or other LSI in which the capacitor shown in FIG. 
1 0 is arranged, sharp fluctuations in current sometimes 
occur at the time of operation of the LSI. Along with the 
fluctuations in current, the voltage of the power supply 
circuit widely fluctuates due to the inductance (L) and 
resistance (R) of the interconnections and the ESL and 
equivalent serial resistance (ESR) of the capacitor, so 
that the operation of the LSI is sometimes hampered. 
[0004] Therefore, in the past, in a power supply circuit 
of an LSI, a capacitor with a low ESL has been used to 
suppress fluctuations in voltage accompanying sharp 
fluctuations in current and to thereby stabilize the power 
supply circuit. 

[0005] In particular, recent CPUs have been required 
to be reduced further in ESL since operating frequencies 
and currents have been made higher along with higher 
operating speeds. Therefore, in multiterminal capaci- 
tors, one example of a multilayer ceramic chip capacitor, 
the directions of the currents have been controlled to 
become opposite between the nearby terminal elec- 
trodes. 

[0006] As shown in Japanese Unexamined Patent 
Publication (Kokai) No. 9-17693, Japanese Unexam- 
ined Patent Publication (Kokai) No. 11-144996, U.S. 
Patent No. 5880925, etc., the main part of a convention- 
al reduced ESL multiterminal capacitor is comprised of 
a rectangular parallelopiped body configured by a plu- 
rality of internal electrodes superposed via ceramic lay- 
ers so as to give an electrostatic capacity by the ceramic 
layers forming the body. 

[0007] Further, each of these internal electrodes has 
two leads each led out to two or more side faces among 
the four side faces of the body. 

[0008] Terminal electrodes connected to these leads 
are attached to these side faces. Note that voltages are 
supplied with alternatingly opposite polarities to the 
nearby terminal electrodes connected to the leads of the 
nearby internal electrodes in the stacking direction. 
Since the polarities of the voltages supplied to the near- 
by leads differ, the magnetic fluxes generated due to the 
high frequency currents flowing from the terminal elec- 
trodes are canceled out between these adjoining leads 
and therefore the ESL is reduced. 
[0009] On the other hand, the stabilization of a power 
supply circuit depends to a large extent on the ESR of 
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the capacitor as well. In a conventional reduced ESL ca- 
pacitor, since, as mentioned above, the electrical resist- 
ance becomes smaller along with the provision of the 
plurality of leads. As a result, the ESR becomes ex- 

5 tremely small, therefore the power supply circuit using 
such a capacitor lacked stability. 
[0010] That is, the conventional reduced ESL capac- 
itor had an extremely small ESR, so when resonance 
was caused due to inductance of the peripheral circuits, 

10 the voltage dropped sharply or ringing or other attenu- 
ation vibration easily occurred. 

[0011] On the other hand, along with the increasing 
integration of circuits, capacitors etc. for power supply 
circuits are now being required to be a single capacitor 
*5 comprised of a plurality of component capacitors giving 
electrostatic capacities differing in accordance with a 
plurality of circuits. 

[0012] Further, along with the increasing integration 
of circuits, capacitors etc. forpowersupply circuits have 
been required to be a single capacitor comprised of a 
plurality of internal electrodes, but if fabricating internal 
electrodes differing in pattern of leads along with the 
number of interna! electrodes, the production process is 
liable to become complicated and the manufacturing 
costs increase. 

[0013] A first object of the present invention is to pro- 
vide a multilayer electronic device and method of pro- 
ducing a multilayer electronic device not only able to 
prevent the ESR from becoming extremely small while 
reducing the ESL, but also enabling the manufacturing 
costs to be reduced. 

[0014] A second object of the present invention is to 
provide a multilayer electronic device able to reduce the 
ESL and able to be used as a capacitor array or com- 
posite electronic device etc. 

[0015] To achieve the object, a first multilayer elec- 
tronic device of the present invention is comprised of a 
capacitor body formed by stacking dielectric layers; a 
plurality of internal electrodes separated by dielectric 
layers inside the capacitor body, each having at least 
one lead led out toward any side face of the capacitor 
body, and differing in position of arrangement of the 
leads with the nearby internal electrodes; and a plurality 
of terminal electrodes arranged at the outside surface 
of the capacitor body and connected to any of the plu- 
rality of internal electrodes through the leads; wherein 
the internal electrodes being divided into blocks of elec- 
trode patterns of a plurality of internal electrodes adjoin- 
ing each other via the dielectric layers, and the electrode 
patterns of the internal electrodes belonging to the dif- 
ferent blocks being the same in the shapes of the elec- 
trode patterns, but different in rotational positions about 
an axis perpendicular to the planes of the electrode pat- 
terns. 

[0016] As a result, when supplying a current to the 
multilayer electronic device, the plurality of internal elec- 
trodes of each blocks connected to the outside circuits 
via the leads constitute electrodes arranged in parallel 



EP 1 120 800 A2 



25 



30 



35 



40 



45 



50 



2 



BNSDOCID: <EP 1 1 20800A2_I_> 



3 



EP1 120 800 A2 



4 



while facing each other to form capacitors. 
[0017] According to the first multilayer electronic de- 
vice of the present invention, since the leads are led out 
from the internal electrodes toward the side faces of the 
capacitor body, positive and negative currents are sup- 
plied in opposite directions to the nearby leads to cancel 
the magnetic fluxes. Therefore, the parasitic inductance 
of the multilayer electronic device itself can be reduced 
and the ESL is reduced. 

[001 8] On the other hand, by having just a single lead 
be led out from the portion of the internal electrode giv- 
ing the electrostatic capacity and connected to a termi- 
nal electrode, it is possible to supply current concentrat- 
edly to this single lead and to increase the electrical re- 
sistance at the lead. As a result of the increase in the 
electrical resistance at the lead in this way, even if ESL 
reduction technology is adopted for supplying positive 
and negative currents in opposite directions between 
the nearby leads and canceling out the magnetic fluxes 
is adopted, the ESR can be prevented from becoming 
overly small. 

[0019] Further, according to the first multilayer elec- 
tronic device of the present invention, by stacking a plu- 
rality of blocks of the same repeating electrode pattern 
structure changed only in rotational position, there is no 
longer a need to fabricate internal electrodes with differ- 
ent lead patterns to match the number of internal elec- 
trodes, so that the production process is simplified and 
the manufacturing costs reduced. 
[0020] Still further, according to the first multilayer 
electronic device of the present invention, it is also pos- 
sible to incorporate a plurality of capacitors into a single 
multilayer electronic device. Therefore, by reducing the 
number of multilayer electronic devices to be mounted 
in an electrical product, the manufacturing costs can be 
reduced and, along with the increased integration of cir- 
cuits, the required space can be reduced. 
[0021] In the first electronic device of the present in- 
vention, preferably the capacitor body is shaped as a 
hexagon and the plurality of terminal electrodes are ar- 
ranged at each of at least two side faces among the four 
side faces of the hexagonal capacitor body. 
[0022] In this case, since the capacitor body is formed 
in a hexagonal shape - the easiest to manufacture as a 
multilayer electronic device-, production becomes easy. 
Further, since the plurality of terminal electrodes are 
provided at least at two side faces among the four side 
faces of the hexagonal capacitor body, when supplying 
high frequency currents to the terminal electrodes so 
that the terminal electrodes of the side faces alternately 
become positive and negative, positive and negative 
currents flow in opposite directions at the nearby leads. 
Therefore, the effect of cancellation of the magnetic flux 
occurs concentratedly at these side faces and the ESL 
is reduced more. 

[0023] In the first electronic device of the present in- 
vention, preferably the terminal electrodes adjoining 
each other at the same side face where a plurality of 



terminal electrodes are provided are connected to the 
different internal electrodes. 

[0024] In this case, by having currents flow so that the 
polarities of the nearby terminal electrodes become dif- 
5 ferent, the magnetic fluxes generated at the leads are 
canceled out due to the currents flowing in the leads in 
opposite directions and the effect of reduction of the ESL 
appears even more reliably. 

[0025] In the first electronic device of the present in- 
fo vention, preferably the capacitor body is shaped as a 
hexagon and the plurality of terminal electrodes are ar- 
ranged at each of the four side faces of the hexagonal 
capacitor body. 

[0026] In this case, when supplying high frequency 
15 currents to the terminal electrodes so that the terminal 
electrodes of the side faces become alternately positive 
and negative, the effect of supplying positive and neg- 
ative currents in opposite directions between the nearby 
leads to cancel out the magnetic fluxes occurs at the 
20 four side faces and the ESL is further reduced. Further, 
since the terminal electrodes are arranged at the four 
side faces of the hexagonal shape, it is possible to make 
a four block stack by changing the rotational positions 
of four blocks respectively having a plurality of internal 
25 electrodes, so that the production process can be sim- 
plified and a multilayer electronic device having the plu- 
rality of internal electrodes can be obtained. 
[0027] The method of producing a mu Itilayer electron- 
ic device of the present invention comprises the steps 
30 of forming on a dielectric layer an internal electrode of 
a pattern with at least one lead led out; stacking the di- 
electric layers on which the internal electrodes of pat- 
terns different from each other are formed to prepare 
blocks respectively having a plurality of the same re- 
35 peating electrode patterns; and stacking a plurality of 
the blocks in a state where the plurality of blocks are 
rotated about an axis orthogonal to the planes of the in- 
ternal electrodes so that the blocks adjoining each other 
in the stacking direction are at mutually different rota- 
te tional positions so as to form a capacitor body. 

[0028] According to the method of production of the 
present invention, since the plurality of internal elec- 
trodes are made the block, the plurality of blocks are 
rotated about the axis orthogonal to the planes formed 
45 by the internal electrodes to different rotational posi- 
tions, and the blocks are stacked in that state, even in 
a multilayer electronic device of a structure having a plu- 
rality of internal electrodes, the production process is 
simplified and the manufacturing costs are reduced. 
50 [0029] The method of production of the present inven- 
tion preferably further comprises, when stacking the plu- 
rality of blocks to form the capacitor body, forming the 
capacitor body in a hexagonal shape, arranging a plu- 
rality of terminal electrodes at each of the four side faces 
55 of the hexagonal capacitor body, and connecting the ter- 
minal electrodes to any of the internal electrodes 
through the leads. 

[0030] To achieve the second object, the second mul- 
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tilayer electronic device of the present invention com- 
prises a capacitor body formed by stacking dielectric 
layers; four internal electrodes each having leads led out 
toward two opposite side faces of the capacitor body 
and arranged separated by dielectric layers inside the 
capacitor body in a state with patterns of the leads dif- 
fering from each other; and four pairs of terminal elec- 
trodes arranged outside the capacitor body and con- 
nected to any of the four internal electrodes through the 
leads. 

[0031] According to the second multilayer electronic 
device of the present invention, since the leads are led 
out to two facing side faces of the capacitor body, cur- 
rents flow straight by short routes at the time of carrying 
a current and the positive and negative currents inter- 
sect two-dimensionally to cancel out the magnetic fluxes 
among the four internal electrodes in the multilayer elec- 
tronic device. As a result, the parasitic inductance of the 
multilayer electronic device itself is sharply reduced and 
the ESL is reduced. 

[0032] Further, since an electrostatic capacity is ob- 
tained among the four internal electrodes, by using 
these divided into two internal electrodes each, it is also 
possible to use the device as a capacitor array or com- 
posite electronic device. 

[0033] In the second electronic device of the present 
invention, preferably the capacitor body is shaped as a 
hexagon, the terminal electrodes are provided at each 
of the four side faces of the hexagonal capacitor body, 
and the two opposite side faces and the two opposite 
side faces positioned rotated 90 degrees from these two 
side faces have terminal electrode array structures able 
to be used as independent capacitors. 
[0034] In this case, since terminal electrodes are pro- 
vided at the four side faces of the hexagonal capacitor 
body, not only do the routes over which the currents flow 
become the shortest, but also, when supplying high fre- 
quency currents to the terminal electrodes so that the 
terminal electrodes of the side faces alternately become 
positive and negative, the currents intersect when flow- 
ing from the terminal electrodes of the four side faces to 
the internal electrodes along with the four internal elec- 
trodes connected to the terminal electrodes becoming 
positive and negative polarities and as a result the par- 
asitic inductance further falls. 

[0035] In the second electronic device of the present 
invention, preferably the terminal electrodes are ar- 
ranged at the side faces of the capacitor body so that 
the nearby terminal electrodes are connected to mutu- 
ally the different internal electrodes. 
[0036] In this case, currents flow so that the polarities 
of the nearby terminal electrodes become different and 
the magnetic fluxes generated are canceled out by the 
high frequency currents flowing in the internal elec- 
trodes in opposite directions, so that the parasitic induct- 
ance further falls. 

[0037] In the second electronic device of the present 
invention, preferably the internal electrodes, including 



leads, having mutually different electrode patterns of in- 
ternal electrodes and stacked via the dielectric layers 
form a block and a plurality of blocks are arranged 
stacked and superposed to constitute the capacitor 
5 body. 

[0038] In this case, it becomes easy to divide the in- 
ternal electrodes into groups of pluralities of internal 
electrodes for use and possible to design capacitor ar- 
rays or composite electronic devices more reliably. Fur- 

10 ther, it becomes possible to use the same electrode pat- 
terns for every blocks. Even if the number of internal 
electrodes stacked is increased, there is no longer a 
need to: increase the number of patterns and the pro- 
duction process becomes easy, which contributes to the 

1 $ reduction of the manufacturing costs. 

[0039] In the second electronic device of the present 
invention, preferably a plurality of the leads are respec- 
tively led out from each internal electrode to each side 
face. 

20 [0040] In this case, since the leads are provided plu- 
rally : the effect of cancellation of the magnetic flux by 
the intersection of the positive and negative currents 
two-dimensionally is enhanced. 

[0041] To achieve the second object, a third multilayer 

25 electronic device of the present invention comprises a 
capacitor body formed by stacking dielectric layers; four 
internal electrodes separated by dielectric layers inside 
the capacitor body and each having leads led out toward 
three side faces of the capacitor body; and a plurality of 

30 terminal electrodes arranged at an outside surface of 
the capacitor body and connected to any of the four in- 
ternal electrodes through the leads. 
[0042] According to the third multilayer electronic de- 
vice of the present invention, since the leads are led out 

35 toward three side faces of the capacitor body, the space 
surrounding the internal electrodes can be used more 
effectively than internal electrodes of a multilayer capac- 
itor with leads led out in two directions and currents flow 
over straight, short routes when supplying a current. 

40 Further, by having positive and negative currents inter- 
sect more two-dimensionally to cancel out the magnetic 
fluxes in the four internal electrodes in the multilayer 
electronic device, the parasitic inductance of the multi- 
layer electronic device itself is sharply reduced. There- 

45 fore, the ESL is reduced. 

[0043] In the third electronic device of the present in- 
vention, preferably the capacitor body is shaped as a 
hexagon and the terminal electrodes are provided at 
each of the four side faces of the hexagonal capacitor 

50 body. 

[0044] In this case, since internal electrodes are pro- 
vided at the four side faces of the hexagonal capacitor 
body, it is possible to make maximum use of the space 
surrounding the capacitor body and the routes over 
55 which the currents flow become the shortest. Further, 
when supplying high frequency currents to the terminal 
electrodes so thatthe terminal electrodes of the side fac- 
es alternately become positive and negative, the four 
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internal electrodes connected to the terminal electrodes 
becoming positive and negative polarities, currents in- 
tersect when flowing from the terminal electrodes of the 
four side faces to the internal electrodes, and, as a re- 
sult, the parasitic inductance further falls. s 
[0045] In the third electronic device of the present in- 
vention, preferably the terminal electrodes are arranged 
at the side faces of the capacitor body so that the nearby 
terminal electrodes are connected to mutually the differ- 
ent internal electrodes. 10 
[0046] In this case, currents flow so that the polarities 
of the the nearby terminal electrodes become different 
and the magnetic fluxes generated are canceled by the 
high frequency currents flowing in the internal elec- 
trodes in opposite directions, so that the parasitic induct- is 
ance further falls. 

[0047] In the third electronic device of the present In- 
vention, preferably patterns of the leads of the four in- 
ternal electrodes differ from one another, and the leads 
which are led out from two internal electrodes separated . 20 
via one internal electrode to the two opposite side faces 
are respectively connected to the same terminal elec- 
trodes. 

[0048] In this case, the parasitic inductance can be 
reduced while effectively reducing the number of termi- 25 
nal electrodes. 

[0049] In the third electronic device of the present in- 
vention, preferably the internal electrodes, including 
leads, having mutually different electrode patterns of the 
internal electrodes and stacked via the dielectric layers 30 
form a block and a plurality of blocks are arranged 
stacked and superposed to constitute the capacitor 
body. 

[0050] In this case, it becomes easy to divide the in- 
ternal electrodes into groups of pluralities of internal 35 
electrodes for use and possible to design capacitor ar- 
rays or composite electronic devices more reliably. Fur- 
ther, it becomes possible to use the same electrode pat- 
terns for every blocks. Even if the number of internal 
electrodes stacked is increased, there is no longer a 40 
need to increase the number of patterns and the.pro- 
duction process becomes easy, which contributes to the 
reduction of the manufacturing costs. 
[0051] These and other objects and features of the 
present invention will be explained in further detail with 45 
reference to the attached drawings, in which: 

FIG. 1 is a sectional view of a multiterminal multi- 
layer capacitor according to a first embodiment of 
the present invention taken along the line l-l of FIG. so 

3; 

FIG. 2 is a sectional view of the multiterminal mul- 
tilayer capacitor according to the first embodiment 
of the present invention taken along the line ll-ll of 
FIG. 3; 55 
FIG. 3 is a perspective view of the multiterminal mul- 
tilayer capacitor according to the first embodiment 
of the present invention; 



FIG. 4 is a disassembled perspective view of a plu- 
rality of ceramic green sheets and electrode shapes 
used in the process of production of the multitermi- 
nal multilayer capacitor of the first embodiment; 
FIG. 5A is a schematic view of a model of equivalent 
serial resistance showing a model of the equivalent 
serial resistance of a conventional capacitor; 
FIG. 5B is a schematic view of a model of equivalent 
serial resistance showing a model of the equivalent 
serial resistance of a multiterminal multilayer ca- 
pacitor of an embodiment; 

FIG. 6A is a graph of the relationship between cur- 
rent and voltage in a model of a power supply circuit 
of an LSI showing the relationship of current and 
voltage of a conventional capacitor; 
FIG. 6B is a graph of the relationship between cur- 
rent and voltage in a model of a power supply circuit 
of an LSI showing the relationship of current and 
voltage of a multiterminal multilayer capacitor of an 
embodiment; 

FIG. 7 is a view of the state of use of the multiter- 
minal multilayer capacitor according to the first em- 
bodiment; 

FIG. 8 is a perspective view of a multiterminal mul- 
tilayer capacitor according to another embodiment 
of the present invention; 

FIG. 9 is a disassembled perspective view of a plu- 
rality of ceramic green sheets and electrode shapes 
used in the process of production of the multitermi- 
nal multilayer capacitor of the another embodiment; 
FIG. 1 0 is a circuit diagram of a model of power sup- 
ply circuit of an LSI; 

FIG. 11 is a sectional view of a multiterminal multi- 
layer capacitor according to another embodiment of 
the present invention taken along the line XI-XI of 
FIG. 13; 

FIG. 1 2 is a sectional view of the multiterminal mul- 
tilayer capacitor according to the another embodi- 
ment of the present invention taken along the line 
Xil-XII of FIG. 13; 

FIG. 13 is a perspective view of the multiterminal 
multilayer capacitor according to the another em- 
bodiment of the present invention; 
FIG. 1 4 is a disassembled perspective view of a plu- 
rality of green sheets and electrode shapes used in 
the process of production of the multiterminal mul- 
tilayer capacitor of the another embodiment; 
FIG. 15A is a schematic view of a model of equiva- 
lent serial resistance showing a model of the equiv- 
alent serial resistance of a conventional capacitor; 
FIG. 15B is a schematic view of a model of equiva- 
lent serial resistance showing a model of the equiv- 
alent serial resistance of a multiterminal multilayer 
capacitor of an embodiment; 
FIG. 1 6A is a graph of the relationship between cur- 
rent and voltage in a model of a power supply circuit 
of an LSI showing the relationship of current and 
voltage of a conventional capacitor; 
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FIG. 1 6B is a graph of the relationship between cur- 
rent and voltage of a multiterminal multilayer capac- 
itor of an embodiment; 

FIG. 1 7 is a view of the state of use of the multiter- 
minal multilayer capacitor according to the present 
embodiment; 

FIG. 18 is a sectional view of a multiterminal multi- 
layer capacitor according to another embodiment of 
the present invention taken along the line XVI I l-XVI- 
II of FIG. 20; 

FIG. 19 is a sectional view of the multiterminal mul- 
tilayer capacitor according to the another embodi- 
ment of the present invention taken along the line 
XIX-XIX of FIG. 20; 

FIG. 20 is a perspective view of the multiterminal 
multilayer capacitor according to this embodiment; 
FIG. 21 is a perspective view of the multiterminal 
multilayer capacitor according to this embodiment; 
FIG. 22 is a disassembled perspective view of a plu- 
rality of ceramic green sheets and electrode shapes 
used in the process of production of the multitermi- 
nal multilayer capacitor of this embodiment; 
FIG. 23 is a view explaining the flow of current in 
the multiterminal multilayer capacitor according to 
this embodiment; 

FIG. 24 is a view explaining the flow of current in a 
multiterminal multilayer capacitor according to a 
modification of this embodiment; 
FIG. 25 is a sectional view of a multiterminal multi- 
layer capacitor according to another embodiment of 
the present invention taken along the line MXV-IIXV 
of FIG. 27; 

FIG. 26 is a sectional view of the multiterminal mul- 
tilayer capacitor according to the embodiment of the 
present invention taken along the line IIXVI-IIXVI of 
FIG. 27; 

FIG. 27 is a perspective view of the multiterminal 
multilayer capacitor according to this embodiment; 
FIG. 28 is a disassembled perspective view of a plu- 
rality of ceramic green sheets and electrode shapes 
used in the process of production of the multitermi- 
nal multilayer capacitor of this embodiment; and 
FIG. 29 is a view explaining the flow of current in 
the multiterminal multilayer capacitor according to 
this embodiment. 

[0052] The multilayer electronic device and method of 
production thereof of embodiments of the present inven- 
tion will be described below with reference to the draw- 
ings. 

First Embodiment 

[0053] A multilayer electronic device according to a 
first embodiment of the present invention, that is, an ar- 
ray type multiterminal multilayer capacitor 1 0, is shown 
from FIG. 1 to FIG. 4. 

[0054] As shown in these figures, the multiterrninal 



multilayer capacitor 10 is comprised of a main portion 
consisting of a rectangular parallelopiped sintered body 
obtained by stacking a plurality of ceramic green sheets 
for use as dielectric layers and firing the stack, that is, 

5 a capacitor body 1 2. 

[0055] A planar first internal electrode 14 is arranged 
at a predetermined height (stacking direction) position 
in the capacitor body 12. Asimilar planar second internal 
electrode 1 6 is arranged below the first internal elec- 

10 trode 1 4 separated by the ceramic layer 1 2A in the ca- 
pacitor body 12. 

[0056] A planar third internal electrode 1 8 is arranged 
below the second internal electrode 1 6 separated by the 
ceramic layer 12A in the capacitor body 12. A planar 
15 fourth internal electrode 20 is arranged below the third 
internal electrode 18 separated by the ceramic layer 
12A in the capacitor body 12. 

[0057] Further, a planar fifth internal electrode 22 is 
arranged below the fourth internal electrode 20 separat- 
ed by the ceramic layer 1 2A in the capacitor body 1 2. A 
planar sixth internal electrode 24 is arranged below the 
fifth internal electrode 22 separated by the ceramic layer 
12A in the capacitor body 12. 

[0058] A planar seventh internal electrode 26 is ar- 
ranged below the sixth internal electrode 24 separated 
by the ceramic layer 12A in the capacitor body 12. A 
planar eighth internal electrode 28 is arranged below the 
seventh internal electrode 26 separated by the ceramic 
layer 12A in the capacitor body 12. 
[0059] Therefore, the first internal electrode 1 4 to the 
eighth internal electrode 28 are arranged facing each 
other separated by ceramic layers 1 2A in the capacitor 
body 12. The center of these first internal electrode 14 
to eighth internal electrode 28 is arranged to be at sub- 
stantially the same position as the center of the capac- 
itor body 12. Further, the longitudinal and lateral dimen- 
sions of the first internal electrode 14 to the eighth inter- 
nal electrode 28 are made smaller than the lengths of 
the corresponding sides of the capacitor body 12. 
[0060] Further, as shown in FIG. 4, by leading out one 
electrode from the end of the illustrated front side of the 
first internal electrode 14 toward the left direction, one 
lead 1 4A is formed at the first internal electrode 1 4. Fur- 
ther, by leading out one electrode from the end of the 
illustrated rear side of the fourth internal electrode 20 
toward the left direction, one lead 20A is formed at the 
fourth internal electrode 20. 

[0061] Further, by leading out one electrode from the 
end of the illustrated rear side of the fifth internal elec- 
trode 22 toward the right direction, one lead 22A is 
formed at the fifth internal electrode 22. Further, by lead- 
ing out one electrode from the portion of the sixth inter- 
nal electrode 24 near the illustrated rear side toward the 
right direction, one lead 24A is formed at the sixth inter- 
nal electrode 24. 

[0062] On the other hand, by leading out one elec- 
trode from the portion of the seventh internal electrode 
26 near the illustrated front side toward the right direc- 
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tion, one lead 26A is formed at the seventh internal elec- 
trode 26. Further, by leading out one electrode from the 
end of the illustrated front side of the eighth internal elec- 
trode 28 toward the right direction, one lead 28A is 
formed at the eighth internal electrode 28. 
[0063] Due to the above, a total of eight lead portions 
from the leads 14A to 28A are led out from the internal 
electrodes 14 to 28 at non-overlapping positions. 
[0064] Further, in the same way as a conventional 
multiterrninal multilayer capacitor with terminal elec- 
trodes arranged at the side faces, as shown from FIG. 
1 to FIG. 4, the first terminal electrode 31 connected to 
the lead 14A of the internal electrode 14, the second 
terminal electrode 32 connected to the lead 1 6A of the 
internal electrode 16, the third terminal electrode 33 
connected to the lead 18A of the internal electrode 18, 
and the fourth terminal electrode 34 connected to the 
lead 20A of the Internal electrode 20 are arranged at the 
left side face 12B of the capacitor body 1 2. 
[0065] That is, since the lead 14A of the first internal 
electrode 14 to the lead 20A of the fourth internal elec- 
trode 20 are positioned at the left side of the internal 
electrodes in FIG. 4 without overlapping, the terminal 
electrodes 31 to 34 are arranged at the left side face 
1 2B of the capacitor body 1 2 In a manner with adjoining 
terminal electrodes successively connected at different 
internal electrodes 14 to 20 through the leads 14A to 
20A, and for example the adjoining terminal electrodes 
can be used at opposite polarities. 
[0066] Further, in the same way as a conventional 
multiterrninal multilayer capacitor 110 with terminal elec- 
trodes arranged at the side faces, as shown in FIG. 1 to 
FIG. 4, the fifth terminal electrode 35 connected to the 
lead 22A of the internal electrode 22, the sixth terminal 
electrode 36 connected to the lead 24A of the internal 
electrode 24, the seventh terminal electrode 37 con- 
nected to the lead 26A of the internal electrode 26, and 
the eighth terminal electrode 38 connected to the lead 
28A of the internal electrode 28 are arranged at the right 
side face 1 2B of the capacitor body 1 2. 
[0067] That is, since the lead 22A of the fifth internal 
electrode 22 to the lead 28A of the eighth internal elec- 
trode 20 are positioned at the right side of the internal 
electrodes in FIG. 4 without overlapping, the terminal 
electrodes 35 to 38 are arranged at the right side face 
1 2B of the capacitor body 1 2 in a manner with adjoining 
terminal electrodes successively connected at different 
internal electrodes 22 to 28 through the leads 22A to 
28A, and for example the adjoining terminal electrodes 
can be used at opposite polarities. 
[0068] Due to the above : in the present embodiment, 
by having the terminal electrodes 31 to 34 arranged at 
the left side face 12B of the multiterrninal multilayer ca- 
pacitor 10 and having the terminal electrodes 35 to 38 
arranged at the right side face 12B, the terminal elec- 
trodes 31 to 38 are arranged at the two side faces 1 2B 
among the four side faces 1 2B and 1 2C of the capacitor 
body 1 2 made the rectangular parallelopiped, that is, the 
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hexagonal shape. 

[0069] Next, an explanation will be given of the pro- 
duction of the multiterrninal multilayer capacitor 1 0 ac- 
cording to the present embodiment with reference to 
5 FIG. 4. 

[0070] First, when producing the multiterrninal multi- 
layer capacitor 10, a plurality of ceramic green sheets 
30A : 30B, 30C, 30D, 30E, 30F, 30G : and 30H comprised 
of dielectric materials functioning as capacitors is pro- 
10 vided. 

[0071] As shown in FIG. 4, to form the internal elec- 
trodes 14, 16, 18, and 20 each having one lead 14A, 
16A : 1 8A, and 20A led out to the left direction, electrode 
forming portions are arranged corresponding to these 

15 internal electrodes 14, 16, 18, and 20 on the top faces 
of the ceramic green sheets 30A, 30B, 30C, and 30D. 
[0072] Further, to form the internal electrodes 22, 24, 
26, and 28 each having one lead 22A, 24A, 26A, and 
28 A led out to the right direction, electrode forming por- 

20 tions are arranged corresponding to these internal elec- 
trodes 22, 24, 26, and 28 on the top faces of the ceramic 
green sheets 30E, 30F, 30G, and 30H. 
[0073] Further, the electrode forming portions ar- 
ranged on the top faces of the ceramic green sheets 3 OA 

25 to 30H are for example provided by printing on depos- 
iting a conductive paste. Further, the sheet thickness 
etc. may be made different between the ceramic green 
sheets 30A to 30D and the ceramic green sheets 30E 
to 30H in accordance with the required characteristics. 

30 [0074] Next, the ceramic green sheets 30A to 30H 
with rectangular planar shapes are stacked in the order 
of the figure so that the first terminal electrode 31 con- 
nected to the lead 14A of the internal electrode 14, the 
second terminal electrode 32 connected to the lead 1 6A 

35 of the internal electrode 1 6, the third terminal electrode 
33 connected to the lead 18A of the internal electrode 
18, the fourth terminal electrode 34 connected to the 
lead 20A of the internal electrode 20, the fifth terminal 
electrode 35 connected to the lead 22A of the internal 

40 electrode 22, the sixth terminal electrode 36 connected 
to the lead 24A of the internal electrode 24, the seventh 
terminal electrode 37 connected to the lead 26A of the 
internal electrode 26, and the eighth terminal electrode 
38 connected to the lead 28A of the internal electrode 

45 28 are arranged around the stacked ceramic green 
sheets. 

[0075] Further, the top face of the first internal'elec- 
trode 14 and the portions between the terminal elec- 
trodes 31 to 38 are covered by the same material as the 

50 ceramic green sheets which is then cofired so as to ob- 
tain a multiterrninal multilayer capacitor 1 0 with terminal 
electrodes 31 to 34 arranged at the left side face 1 2B 
and theterminal electrodes 35 to 38 arranged at the right 
side face 12B among the four side faces 12B and 12C 

55 of the capacitor body 1 2. 

[0076] Next, the action of the multiterrninal multilayer 
capacitor 1 0 according to the present embodiment will 
be explained. 
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[0077] Eight internal electrodes 1 4 to 28 are arranged 
separated by ceramic layers 12a in the capacitor body 
1 2 formed by stacking ceramic or other dielectric layers. 
Further, these eight internal electrodes 14 to 28 have 
leads 1 4A to 28A led out toward two facing side faces 
12B of the capacitor body 12. A total of eight terminal 
electrodes 31 to 38 are arranged outside the capacitor 
body 12. 

[0078] Among these leads 14A to 28A, the first termi- 
nal electrode 31 is connected to the internal electrode 
14 through the lead 14A, the second terminal electrode 
32 is connected to the internal electrode 1 6 through the 
lead 16A, the third terminal electrode 33 is connected 
to the internal electrode 18 through the lead 18A, and 
the fourth terminal electrode 34 is connected to the in- 
ternal electrode 20 through the lead 20A. 
[0079] These internal electrodes 14, 16, 18, and 20 
and terminal electrodes 31, 32, 33, and 34 constitute a 
single capacitor. When supplying a current to this ca- 
pacitor, these terminal electrodes 31 to 34 successively 
alternately become positive and negative polarities, and 
the four internal electrodes 14 to 20 connected to the 
terminal electrodes 31 to 34 through the leads 14A to 
20A form electrodes of the capacitor arranged in parallel 
facing each other. 

[0080] Further, the fifth terminal electrode 35 is con- 
nected to the internal electrode 22 through the lead 22A, 
the sixth terminal electrode 36 is connected to the inter- 
nal electrode 24 through the lead 24A, the seventh ter- 
minal electrode 37 is connected to the internal electrode 
26 through the lead 26A, and the eighth terminal elec- 
trode 38 is connected to the internal electrode 28 
through the lead 28A. 

[0081] Further, these internal electrodes 22, 24, 26, 
and 28 and terminal electrodes 35, 36, 37, and 38 con- 
stitute another capacitor. When supplying a current to 
this capacitor, these terminal electrodes 35 to 38 suc- 
cessively alternately become positive and negative po- 
larities, and the four internal electrodes 22 to 28 con- 
nected to the terminal electrodes 35 to 38 through the 
leads 22A to 28A form electrodes of the capacitor ar- 
ranged in parallel facing each other. 
[0082] Further, in this embodiment, the capacitor 
body 12 is formed in a hexagonal shape, four terminal 
electrodes 31 to 38 each are arranged at the two side 
faces 12B among the four side faces 12B and 12C of 
the hexagonal capacitor body 12, these terminal elec- 
trodes 31 to 34 arranged at the same side face 12B are 
connected to the successively different internal elec- 
trodes 14 to 20, and the terminals electrodes 35 to 38 
arranged in the same. identical side face 12B are con- 
nected to successively different internal electrodes 22 
to 28. Therefore, in the multiterminal multilayer capaci- 
tor 10 of this structure, when high frequency currents 
alternating in polarity so that the polarities of the adjoin- 
ing terminal electrodes among the terminal electrodes 
31 to 34 and terminal electrodes 35 to 38 become dif- 
ferent flow to the terminal electrodes 31 to 34 and ter- 



minal electrodes 35 to 38, currents flow in opposite di- 
rections in the adjoining leads, so the effect of cancel- 
lation of the magnetic fluxes arises concentrated ly at 
these side faces 12B and the ESL is reduced. 
5 [0083] On the other hand, by providing single leads 
14A to 28A connected to the terminal electrodes 31 to 
38 led out from portions of the internal electrodes 1 4 to 
28 giving the electrostatic capacity, the currents flow 
concentratedly at the single leads and the electrical re- 
10 sistances at the leads 14Ato 28Acan be increased. Fur- 
ther, as a result of the increase of the electrical resist- 
ances at the leads 14A to 28A in this way, even if the 
ESL reduction technology is employed for supplying 
positive and negative currents in opposite directions be- 
tween adjoining leads to cancel out the magnetic fluxes, 
the ESR can be prevented from becoming excessively 
small. 

[0084] Further, in the present embodiment, since two 
capacitors are substantially included in a single multi- 
terminal multilayer capacitor 10 in the above way, the 
number of multiterminal multilayer capacitor 10 is re- 
duced, so the manufacturing costs are reduced and the 
space taken up can be reduced as required along with 
the increasing integration of circuits. 
[0085] Next, results of tests conducted to compare the 
ESL and ESR between the multiterminal multilayer ca- 
pacitor 1 0 according to the present embodiment and an- 
other capacitor will be shown. Further, the other capac- 
itor compared with here is a multiterminal multilayer ca- 
pacitor reduced in ESL by being provided with four leads 
for one internal electrode and has the same eight inter- 
nal electrodes as the multiterminal multilayer capacitor 
1 0 of the present embodiment. Further, the electrostatic 
capacity used in the tests is 1 u,F. 
[0086] As a result of the tests, the ESL of the conven- 
tional reduced ESL multiterminal multilayer capacitor 
was found to be 126 pH and the ESR was found to be 
2.4 mfl. As opposed to this, the ESL of the multiterminal 
multilayer capacitor according to the present embodi- 
ment was found to be 123 pH and the ESR was found 
to be 9.8 mQ. 

[0087] That is, while the ESLs were substantially the 
same as each other, the ESR of the multiterminal mul- 
tilayer capacitor 10 of the present embodiment became 
about four times larger than the conventional multiter- 
minal multilayer capacitor. 

[0088] This is believed to be because while the ESR 
of the conventional capacitor was about R/8 from the 
model of the ESR shown in FIG. 5A, the ESR of the mul- 
titerminal multilayer capacitor 10 of the present embod- 
iment was about R/2 from the model of the ESR shown 
in FIG. 5B. Further, in FIG. 5A and FIG. 5B, "R" shows 
the electrical resistance at the leads. 
[0089] Further, a comparison of the voltage fluctua- 
tions of the power supply circuit accompanying sharp 
current fluctuations is shown in FIG. 6A and FIG. 6B. 
That is, while the conventional capacitor shown in FIG. 
6A suffered from a large voltage fluctuation, the multi- 
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terminal multilayer capacitor 10 of the present embodi- 
ment shown in FIG. 6B has a far smaller voltage fluctu- 
ation as a result of the larger ESR and the power supply 
circuit is stabilized. 

[0090] Next, an example of use of the multiterminal 5 
multilayer capacitor 1 0 according to the present embod- 
iment will be explained based on FIG. 7. 
[0091] As shown in FIG. 7, the multiterminal multilayer 
capacitor 10 of the present embodiment is arranged in 
parallel with the LSI chip between the ground terminal io 
GND and a terminal "V" having a predetermined poten- 
tial. The terminal electrodes 31 to 34 positioned at the 
left side in the figure of the multiterminal multilayer ca- 
pacitor 10 and the internal electrodes 14 to 20 connect- 
ed to the terminal electrodes 31 to 34 constitute one ca- 15 
pacitor, while the terminal electrodes 35 to 38 positioned 
at the right side in the figure of the multiterminal multi- 
layer capacitor 10 and the internal electrodes 22 to 28 
connected to the terminal electrodes 35 to 38 constitute 
another capacitor, so two capacitors are substantially 20 
connected in parallel to the LSI chip. 
[0092] An equivalent circuit diagram of FIG. 7 is given 
in FIG. 10. In FIG. 10, "C" indicates the electrostatic. ca- 
pacity of the capacitor, ESL indicates the equivalent se- 
rial inductance in the capacitor, and ESR indicates the 25 
equivalent serial resistance. As shown in FIG. 1 0, in the 
power supply circuit of a CPU or other LSI in which a 
capacitor is arranged, at the time of operation of the LSI, 
sharp current fluctuations occur as shown in FIG. 6A. In 
a conventional capacitor, the voltage of the power sup- 30 
ply circuit sometimes largely fluctuates and the opera- 
tion of the LSI is hampered along with such current fluc- 
tuations. In the capacitor of the present embodiment, as 
shown in FIG. 6B, there is little fluctuation in the voltage 
of the power supply circuit and there is no worry about 35 
the operation of the LSI being hampered. 
[0093] Further, by making the electrostatic capacities 
of the two capacitors formed inside the capacitor of the 
present embodiment different in accordance with the 
application, it becomes possible to use one as a high 40 
frequency capacitor and use the other as a low frequen- 
cy capacitor. 

Second Embodiment 

45 

[0094] Next, an explanation will be given of a multi- 
layer electronic device according to a second embodi- 
ment of the present invention based on FIG. 8 and FIG. 
9. Members the same as members explained in the first 
embodiment are given the same reference numerals so 
and overlapping explanations are omitted. 
[0095] As shown in FIG. 9, by leading out one elec- 
trode from the end of the illustrated front side of the first 
internal electrode 14 toward the left direction, one lead 
1 4B is formed at the first internal electrode 1 4. Further, 55 
by leading out one electrode from the end of the illus- 
trated rear side of the second internal electrode 16 to- 
ward the left direction, one lead 16B is formed at the 



second internal electrode 16. On the other hand, by 
leading out one electrode from the left end of the third 
internal electrode 1 8 in the illustrated front direction, one 
lead 1 8B is formed at the third internal electrode 1 8. Fur- 
ther, by leading out one electrode from the right end of 
the fourth internal electrode 20 toward the illustrated 
rear side direction, one lead 20B is formed at the fourth 
internal electrode 20. 

[0096] Further, by leading out one electrode from the 
end of the illustrated front side of the fifth internal elec- 
trode 22 toward the right direction, one lead 22B is 
formed at the fifth internal electrode 22. Further, by lead- 
ing out one electrode from the end of the illustrated front 
side of the sixth internal electrode 24 toward the right 
direction, one lead 24B is formed at the sixth internal 
electrode 24. On the other hand, by leading out one 
electrode from the right end of the seventh internal elec- 
trode 26 toward the illustrated front side direction, one 
lead 26B is formed at the seventh internal electrode 26. 
Further, by leading out one electrode from the left end 
of the eighth internal electrode 28 toward the illustrated 
front side direction, one lead 28B is formed at the eighth 
internal electrode 28. 

[00971 Due to the above, a total of eight lead portions 
from the leads 14B to 28B are led out from the internal 
electrodes 14 to 28 at n on -overlapping positions. 
[0098] Further, unlike the first embodiment, two first 
terminal electrodes 42 separately connected to the 
leads 14B and 18B of the internal electrodes 14 and 18 
and two second terminal electrodes 44 separately con- 
nected to the leads 16A and 20B of the internal elec- 
trodes 16 and 20 are, as shown in FIG. 8, arranged at 
the left side face 12B and the illustrated front side face 
1 2C of the capacitor body 1 2. 

[0099] Further, two third terminal electrodes 46 sepa- 
rately connected to the leads 22B and 26B of the internal 
electrodes 22 and 26 and two fourth terminal electrodes 
48 separately connected to the leads 24B and 28B of 
the internal electrodes 24 and 28 are arranged at the 
right side face 12B and the illustrated frontsideface 12C 
of the capacitor body 12. 

[0100] Further, the leads led out toward the same side 
face are positioned so as not to overlap with each other 
in the same way as the first embodiment. Therefore, the 
adjoining terminal electrodes 42 to 44 are connected to 
the different internal electrodes 14 and 16 and internal 
electrodes 1 8 and 20 through the leads 1 4B to 20B and, 
further, the adjoining terminal electrodes 46 and 48 are 
connected to the different internal electrodes 22 and 24 
and internal electrodes 26 and 28 through the leads 22B 
to 28B. 

[0101] Due to the above, in the present embodiment, 
terminal electrodes 42, 44, 46, and 48 are arranged two 
each at the four side faces 1 2B and 1 2C of the capacitor 
body 1 2 made the rectangular parallelopiped, that is, the 
hexagonal shape. 

[0102] Therefore, since a plurality of terminal elec- 
trodes 42, 44, 46, and 48 are provided at each at the 
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four side faces 1 2B and 1 2C of the hexagonal capacitor 
body 12, when supplying high frequency currents to the 
terminal electrodes 42, 44, 46, and 48 so that the termi- 
nal electrodes of the side faces become alternately pos- 
itive and negative, positive and negative currents flow 
in opposite directions at the adjoining leads. Further, the 
effect of cancellation of the magnetic fluxes by the pos- 
itive and negative currents flowing in opposite directions 
arises at the four side faces 1 2B and 1 2C and therefore 
the ESL is reduced. 

[0103] On the other hand, in this embodiment as well, 
in the same way as the first embodiment, since the cur- 
rents flow concentratedly to the single leads 1 4B to 28B 
and the electrical resistances at the leads 1 4B to 28B 
increase, the ESL is lowered and the ESR can be pre- 
vented from becoming extremely small. Further, in the 
same way as the first embodiment, the manufacturing 
costs are reduced and the space taken up can be re- 
duced. 

[0104] Further, while the multiterminal multilayer ca- 
pacitor 1 0 according to the present embodiment is struc- 
tured with eight internal electrodes 14 to 28, it is con- 
structed from two capacitors, that is, the one capacitor 
giving an electrostatic capacity between the four internal 
electrodes 1 4 to 20 and the one capacitor giving an elec- 
trostatic capacity between the four internal electrodes 
22 to 28. so as to handle two circuits. The number of the 
internal electrodes is not however limited to four. It is 
possible to provide two each for example, that is, four 
capacitors, so as to handle four circuits. Further, the 
overall number of the internal electrodes is not limited 
to eight and may be four, six, 10, 12, 14, or 16. Even 
more is also possible. Further, if structuring the capaci- 
tor with such a large number of internal electrodes, an 
even greater number of circuits can be dealt with. 

Third Embodiment / 

[0105] A multilayer electronic device according to a 
third embodiment of the present invention, that is, an 
array type multiterminal multilayer capacitor 110, is 
shown from FIG. 11 to FIG. 14. As shown in these fig- 
ures, the multiterminal multilayer capacitor 11 0 is com- 
prised of a main portion consisting of a rectangular par- 
allelopiped sintered body obtained by stacking a plural- 
ity of ceramic green sheets for use as dielectric layers 
and firing the stack, that is, a capacitor body 12. 
[01 06] A planar first internal electrode 1 1 4 is arranged 
at a predetermined height position in the capacitor body 
112. A similar planar second internal electrode 116 is 
arranged below the first internal electrode 114 separat- 
ed by the ceramic layer 1 1 2A in the capacitor body 1 1 2. 
[0107] A planar third internal electrode 118 is ar- 
ranged below the second internal electrode 116 sepa- 
rated by the ceramic layer 112A in the capacitor body 
112. A planar fourth internal electrode 120 is arranged 
below the third internal electrode 118 separated by the 
ceramic layer 112A in the capacitor body 112. 



[0108] Therefore, the first internal electrode 114 to the 
fourth internal electrode 120 are arranged facing each 
other separated by ceramic layers 11 2A in the capacitor 
body 112. The center of these first internal electrode 114 
5 to fourth internal electrode 1 20 is arranged to be at sub- 
stantially the same position as the center of the capac- 
itor body 112. Further, the longitudinal and lateral dimen- 
sions of the first internal electrode 114 to the fourth in- 
ternal electrode 120 are made smaller than the lengths 

io of the corresponding sides of the capacitor body 112. 
[0109] Further, as shown in FIG. 14, by leading out 
one electrode from the left end of the first internal elec- 
trode 1 1 4 toward the illustrated front direction, one lead 
114A is formed at the first internal electrode 114. Fur- 

*5 ther, by leading out one electrode from the portion of the 
second internal electrode 116 near the left side toward 
the illustrated front direction, one lead 11 6A is formed 
at the second internal electrode 116. 
[0110] On the other hand, by leading out one elec- 

20 trode from the portion of the third internal electrode 1 1 8 
near the right side toward the illustrated front side, one 
lead 1 1 8A is formed at the third internal electrode 118. 
Further, by leading out one electrode from the right end 
of the fourth internal electrode 1 20 toward the illustrated 

25 front direction, one lead 1 20A is formed at the fourth in- 
ternal electrode 120. 

[0111] Due to the above, a total of four lead portions 
from the leads 114Ato 120A are led out from the internal 
electrodes 11 4 to 120 at non-overlapping positions. 

so [0112] Further, four internal electrodes 114 to 120 
having leads 114Ato 120Aledout to the illustrated front 
directions are made a first block 122 and a plurality of 
blocks of the same structure as the first block 122 are 
provided as explained below. 

35 [0113] That is, a second block 124 is stacked below 
the first block 122 in a state with that block rotated 90 
degrees about a Z-axis perpendicular to the planes 
formed by the internal electrodes 114 to 120 and the 
leads 114A to 120A led out in the right direction of FIG. 

40 14. Further, a third block 1 26 is stacked below the sec- 
ond block 124 in a state with that block rotated 1 80 de- 
grees about a Z-axis perpendicular to the planes formed 
by the internal electrodes 1 1 4 to 1 20 and the leads 1 1 4A 
to 120A led out in the illustrated rear direction of FIG. 

45 1 4. Similar, a fourth block 1 28 is stacked below the third 
block 1 26 in a state with that block rotated 270 degrees 
about a Z-axis perpendicular to the planes formed by 
the internal electrodes 114 to 120 and the leads 114A 
to 120A led out in the left direction of FIG. 14. 

so [0114] Further, as shown in FIG. 11 to FIG. 13, in the 
first block 122, the first terminal electrode 131 connect- 
ed to the lead 114A of the internal electrode 114, the 
second terminal electrode 132 connected to the lead 
116A of the internal electrode 116, the third terminal 

55 electrode 133 connected to the lead 118Aof the interna! 
electrode 118, and the fourth terminal electrode 134 
connected to the lead 1 20A of the internal electrode 1 20 
are arranged at the illustrated front side face 112C of 
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the capacitor body 112. 

[0115] That is, since the lead 11 4A of the first internal 
electrode 1 1 4 to the lead 1 20A of the fourth internal elec- 
trode 120 are positioned at the side face 112C of the 
internal electrodes of the front side illustrated in FIG. 1 4 5 
without overlapping, the adjoining terminal electrodes 
131 to 134 are successively connected to different in- 
ternal electrodes 114, 116, 118, and 120 through the 
leads 114Ato 120A, for example, the adjoining terminal 
electrodes can be used at opposite polarities. 10 
[01 16] Further, in the same way as the first block 1 22, 
these terminal electrodes 131 to 134 are arranged at the 
right side face 112B of the capacitor body 112 corre- 
sponding to the second block 124, the terminal elec- 
trodes 131 to 134 are arranged at the illustrated rear 15 
side face 112C of the capacitor body 112 corresponding 
to the third block 126, and the terminal electrodes 131 
to 1 34 are arranged at the left side face 1 1 2B of the ca- 
pacitor body 112 corresponding to the fourth block 128. 
[0117] Due to the above, in the present embodiment, 20 
the terminal electrodes 1 31 to 1 34 are arranged at the 
four side faces 112Band 112C of the capacitor body 112 
made the rectangular parallelopiped, that is, the hexag- 
onal shape, of the multiterminal multilayer capacitor 
110. 25 
[0118] Next, an explanation will be given of the meth- 
od of production of the multiterminal multilayer capacitor 
110 according to the present embodiment with refer- 
ence to FIG. 14. 

[0119] First, when producing the multiterminal multi- 30 
layer capacitor 1 1 0, a plurality of ceramic green sheets 
130A, 130B, 130C, and 130D comprised of dielectric 
materials functioning as capacitors is provided. 
[0120] To form the internal electrodes 114, 116, 118, 
and 120 each having one lead 114A, 116A, 118A, and 35 
1 20A led out, electrode portions of patterns correspond- 
ing to these internal electrodes 114, 116, 118, and 120 
are provided by printing or depositing a conductive 
paste. Next, ceramic green sheets 130A to 130D having 
rectangular planar shapes are stacked in the order of 40 
the figure to form at least four blocks of the same struc- 
ture. 

[0121] Next, a block is rotated so that the leads 114A, 
1 1 6A, 1 1 8A, and 1 20A are led out in the illustrated front 
direction of Fig. 14. That block is designated the first 45 
block 122. 

[01 22] Next, a block of the same structu re is arranged 
below the first block 122 in a state rotated 90 degrees 
with respect to the first block 1 22 around the Z-axis or- 
thogonal to the planes formed by the internal electrodes so 
1 1 4 to 1 20 so that the leads 1 1 4A , 1 1 6A, 1 1 8A, and 1 20 A 
are led out in the right direction of FIG. 14. The block 
arranged below the first block 1 22 is designated the sec- 
ond block 124. 

[0123] Similarly, a block of the same structure is ar- 55 
ranged below the second block 124 in a state rotated 
180 degrees with respect to the first block 122 around 
the Z-axis orthogonal to the planes formed by the inter- 



nal electrodes 114 to 120 so that the leads 11 4A, 11 6A, 
118A, and 120A are led out in the illustrated rear direc- 
tion of FIG. 14. The block arranged below the second 
block 124 is designated the third block 126. 
[0124] Similarly, a block of the same structure is ar- 
ranged below the third block 126 in a state rotated 270 
degrees with respect to the first block 122 around the Z- 
axis orthogonal to the planes formed by the internal 
electrodes 114 to 120 so that the leads 114A, 11 6A, 
118A, and 120A are led out in the left direction of FIG. 
1 4. The block arranged below the third block 1 26 is des- 
ignated the fourth block 128. 

[0125] Next, the plurality of blocks 122 to 128 are 
stacked in the state with different rotational positions as 
explained above to form the hexagonal shaped capac- 
itor body. 

[0126] Further, the first terminal electrode 131 con- 
nected to the lead 114A of the internal electrode 114, 
the second terminal electrode 1 32 connected to the lead 
116A of the internal electrode 116, the third terminal 
electrode 133 connected to the lead 118Aof the internal 
electrode 118, and the fourth terminal electrode 134 
connected to the lead 120A of the internal electrode 120 
are arranged around the stacked ceramic green sheets. 
[0127] Further, the top face of the first internal elec- 
trode 114 and the portions between the terminal elec- 
trodes 131 to 134 are covered by the same material as 
the ceramic green sheets which is cofired. As a result, 
it is possible to obtain a multiterminal multilayer capac- 
itor 1 1 0 where these ceramic green sheets become ce- 
ramic layers 112A and where four terminal electrodes 
131 to 134 each are arranged at all of the four side faces 
112B and 112C of the hexagonal capacitor body 112. 
Further, when mass producing the multiterminal multi- 
layer capacitor 110, it is possible to prepare a large 
number of the above blocks in advance and therefore 
produce a large number of products by the above steps. 
[0128] Next, the action of the present embodiment will 
be explained. 

[0129] The four internal electrodes 114 to 120 sepa- 
rated by the ceramic layers 112A are arranged stacked 
in the hexagonal ceramic body 112 formed by stacking 
ceramic layers 1 1 2A. One lead 1 1 4A to 1 20A each is led 
out from these four internal electrodes 1 1 4 to 1 20 by dif- 
ferent patterns. Further, these four internal electrodes 
114 to 120 are designated as a block and a plurality of 
these blocks are formed. Four blocks 122 to 128 are 
stacked in a state with the blocks rotated to different ro- 
tational positions about the Z-axis orthogonal to the 
planes formed by the internal electrodes 114 to 120. 
[0130] Further, four terminal electrodes 131 to 134 
each are arranged at the four side faces of the hexago- 
nal capacitor body 112. These terminal electrodes 131 
to 134 are connected to any of the internal electrodes 
114 to 120 through the leads 114Ato 120A. 
[0131] As a result, when supplying current to the mul- 
titerminal multilayer capacitor 110 according to the 
present embodiment, the four internal electrodes 1 1 4 to 
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120 of the blocks connected to the outside circuits 
through the leads 11 4A to 120 A form electrodes of a ca- 
pacitor arranged in parallel facing each other. 
[0132] Further, in the present embodiment, the four 
internal electrodes 114 to 120 are made one block and 5 
four blocks 1 22 to 128 are stacked in the state at differ- 
ent rotational positions. Therefore, even in a multitermi- 
nal multilayer capacitor 110 of a structure having 16 in- 
ternal electrodes 114 to 120 as in the present embodi- 
ment, by stacking four blocks of the same structure, 10 
there is no longer a need to fabricate internal electrodes 
1 14 to 1 20 with different patterns of leads 1 1 4A to 1 20A 
for the number of the internal electrodes 114 to 120, so 
the production process becomes simplified and the 
manufacturing costs are reduced. 15 
[01 33] Further, in the present embodiment, not only is 
a capacitor body 1 1 2 formed in the most easily produced 
hexagonal shape as the multiterminal multilayer capac- 
itor 110, but terminal electrodes 131 to 1 34 are arranged 
at the four si defaces of the hexagonal shape. Therefore, 20 
since four blocks having four internal electrodes 114 to 
1 20 can be arranged, even with this, a multiterminal mul- 
tilayer capacitor 11 0 is obtained having a large number 
of internal electrodes 114 to 120 while simplifying the 
production process. 25 
[0134] Further, in the present embodiment, four ter- 
minal electrodes 131 to 134 are arranged atthefourside 
faces 112B and 112C of the hexagonal capacitor body 
112. Further, these terminal electrodes 131 to 134 ad- 
joining each other in the same side faces 1 1 2B and 1 1 2C 30 
are connected to different internal electrodes 1 1 4 to 1 20 
through the single leads 114A to 120A led out by differ- 
ent patterns from the four internal electrodes 1 1 4 to 1 20. 
[0135] Therefore, in the multiterminal multilayer ca- 
pacitor 1 1 0 of this structure, when high frequency cur- 3s 
rents alternating in polarity so that the polarities of the 
adjoining terminal electrodes among the terminal elec- 
trodes 1 31 to 1 34 become different flow to the terminal 
electrodes 131 to 134, currents flow In opposite direc- 
tions in the adjoining leads, so the effect of cancellation 40 
of the magnetic fluxes arises at these four side faces 
112B and 112C, the parasitic inductance of the multiter- 
minal multilayer capacitor 110 itself becomes smaller, 
and the ESL is reduced. 

[0136] On the other hand, by providing single leads 45 
114Ato 120A connected to the terminal electrodes 1 31 
to 1 34 led out from portions of the internal electrodes 
114 to 120 giving the electrostatic capacities, the cur- 
rents flow concentratedly at the single leads and the 
eiectrical resistances at the leads 1 1 4A to 1 20A can be so 
increased. Further, as a result of the increase of the 
electrical resistances at the leads 114A to 120A in this 
way, even if the ESL reduction technology is employed 
for supplying positive and negative currents in opposite 
directions between adjoining leads to cancel out the 55 
magnetic fluxes, the ESR can be prevented from be- 
coming excessively small. 

[0137] On the other hand, in the present embodiment, 
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since four capacitors are substantially included in a sin- 
gle multiterminal multilayer capacitor 110 in the above 
way, the number of multiterminal multilayer capacitors 
1 1 0 is reduced, so the manufacturing costs are reduced 
and the space taken up can be reduced as required 
along with the increasing integration of circuits. 
[0138] Next, results of tests conducted to compare the 
ESL and ESR between the multiterminal multilayer ca- 
pacitor 110 according to the present embodiment and 
another capacitor will be shown. Further, the other ca- 
pacitor compared with here is a multiterminal multilayer 
capacitor reduced in ESL by being provided with four 
leads for one internal electrode:. and has the same 16 
internal electrodes as the multiterminal multilayer ca- 
pacitor 110 of the present embodiment. Further, the 
electrostatic capacity used in the tests is 1 |iF. 
[01 39] As a result of the tests, the ESL of the conven- 
tional reduced ESL multiterminal multilayer capacitor 
was found to be 126 pH and the ESR was found to be 
2.4 mn. As opposed to this, the ESL of the multiterminal 
multilayer capacitor 110 according to the present em- 
bodiment was found to be 30 pH and the ESR was found 
to be 9.8 mQ. 

[0140] That is, not only is the ESL of the multiterminal 
multilayer capacitor 110 of the present embodiment 
smaller than the conventional multiterminal multilayer 
capacitor, the ESR of the multiterminal multilayer capac- 
itor 110 of the present embodiment became about four 
times larger than the conventional multiterminal multi- 
layer capacitor. 

[0141] This is believed to be because while the ESR 
of the conventional capacitor was about R/16 from the 
model of the ESR shown in FIG. 15A, the ESR of the 
multiterminal multilayer capacitor 1 10 of the present em- 
bodiment was about R/4 from the model of the ESR 
shown in FIG. 15B. Further, in FIG. 15Aand FIG. 15B, 
"R" shows the electrical resistances at the leads. 
[0142] Further, a comparison of the voltage fluctua- 
tions of the power supply circuit accompanying sharp 
current fluctuations is shown in FIGS. 16A and 16B. 
That is, while the conventional capacitor shown in FIG. 
16A suffered from a large voltage fluctuation, the multi- 
terminal multilayer capacitor 1 1 0 of the present embod- 
iment shown in FIG. 1 6B has a tar smaller voltage fluc- 
tuation as a result of the larger ESR and the power sup- 
ply circuit is stabilized. 

[0143] Next, an example of use of the multiterminal 
multilayer capacitor 110 according to the present em- 
bodiment will be explained based on FIG. 1 7. 
[0144] As shown in FIG. 17, the multiterminal multi- 
layer capacitor 1 1 0 of the present embodiment is ar- 
ranged in parallel with the LSI chip between the ground 
terminal GND and a terminal "V" having a predeter- 
mined potential. The adjoining terminal electrodes 
among the terminal electrodes 131 to 134 arranged at 
the four side faces of the multiterminal multilayer capac- 
itor 1 1 0 are connected to become opposite polarities as 
explained above. These four internal electrodes 114 to 
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1 20 constitute one capacitor. 

[0145] If however the terminal electrodes 131 to 134 
positioned at one side face of the muititerminal multilay- 
er capacitor 110 in FIG. 17 and the internal electrodes 
114 to 120 connected to these terminal electrodes 131 
to 1 34 constitute one capacitor, four capacitors are con- 
stituted by these four side faces, so it is also possible to 
wire things so that four capacitors are connected to the 
LSI chip in parallel. 

[0146] Further, while the muititerminal multilayer ca- 
pacitor 110 according to the present embodiment is 
structured with 16 internal electrodes comprising the 
four internal electrodes 114 to 120 stacked four times, 
the number of the internal electrodes of the blocks is not 
limited to four. It is possible to provide two each for ex- 
ample, that is, four capacitors. Further, the overall 
number of the internal electrodes is not limited to 1 6. It 
is also possible to increase the number of blocks to fur- 
ther increase the number. Further, if structuring the ca- 
pacitor with such a large number of internal electrodes, 
an even greater number of circuits can be dealt with. 

Fourth Embodiment 

[01 47] A multilayer electronic device according to an- 
other embodiment of the present invention, that is, an 
array type muititerminal multilayer capacitor 210, is 
shown from FIG. 18 to FIG. 21 . As shown in these fig- 
ures, the muititerminal multilayer capacitor 210 is com- 
prised of a main portion consisting of a rectangular par- 
allelopiped sintered body obtained by stacking a plural- 
ity of ceramic green sheets for use as dielectric layers 
and firing the stack, that is, a capacitor body 21 0. 
[0148] A planar first internal electrode 21 4 is arranged 
at a predetermined height position in the capacitor body 
212. A similar planar second internal electrode 216 is 
arranged below the first internal electrode 21 4 separat- 
ed by the ceramic layer 21 2A in the capacitor body 212. 
[0149] A planar third internal electrode 218 is ar- 
ranged below the second internal electrode 216 sepa- 
rated by the ceramic layer 21 2A in the capacitor body 
212. A planar fourth internal electrode 220 is arranged 
below the third internal electrode 21 8 separated by the 
ceramic layer 21 2A in the capacitor body 212. 
[01 50] Therefore, the first internal electrode 21 4 to the 
fourth internal electrode 220 are arranged facing each 
other separated by ceramic layers 21 2A in the capacitor 
body 21 2. The center of these first internal electrode 21 4 
to fourth internal electrode 220 is arranged to be at sub- 
stantially the same position as the center of the capac- 
itor body 212. Further, the longitudinal and lateral di- 
mensions of the first internal electrode 21 4 to the fourth 
internal electrode 220 are made smaller than the length 
of the corresponding sides of the capacitor body 212. 
[0151] Further, as shown in FIG. 22, by leading out 
two electrodes each to the left and right directions of the 
first internal electrode 214, two pairs of leads 213A are 
formed at the first internal electrode 214. Further, by 



leading out two electrodes each to the left and right di- 
rections of the second internal electrode 21 6 at positions 
not overlapping with the first internal electrode 21 4, two 
pairs of leads 21 6A are formed at the second internal 

5 electrode 216. 

[0152] On the other hand, by leading out two elec- 
trodes each toward the top and bottom directions of the 
third internal electrode 21 8, two pairs of leads 21 8A are 
formed at the third internal electrode 218. Further, by 

10 leading out two electrodes each toward the top and bot- 
tom directions of the fourth internal electrode 220 at po- 
sitions not overlapping the third internal electrode 218, 
two pairs of leads 220A are formed at the fourth internal 
electrode 220. 

15 [0153] Due to the above, the leads 214A and 216A 
are led out from the internal electrodes 214 and 216 to- 
ward the two facing side faces 21 2B of the capacitor 
body 212 in the state with the facing internal electrodes 
21 4 and 21 6 led out reversed 1 80 degrees. Further, the 

20 leads 21 8A and 220A are led out from the internal elec- 
trodes 218 and 220 toward the two facing side faces 
21 2C of the capacitor body 21 2 differing from the direc- 
tion of lead out of the internal electrodes 214 and 216 
in the state with the facing internal electrodes 218 and 

25 220 led out reversed 1 80 degrees. 

[0154] Further, as shown in FIG. 18 to FIG. 21, the 
first terminal electrode 222 connected to the lead 21 4A 
of the internal electrode 214 and the second terminal 
electrode 224 connected to the lead 21 6A of the second 

30 internal electrode 21 6 are arranged at trie left and right 
side faces 21 2B of the capacitor body 212. Further, the 
third terminal electrode 226 connected to the lead 21 8A 
of the third internal electrode 21 8 and the fourth terminal 
electrode 228 connected to the lead 220A of the fourth 

35 internal electrode 220 are arranged at the top and bot- 
tom faces 21 2C of the capacitor body 21 2. 
[0155] Further, since the lead 2 14A of the first internal 
electrode 214 and the lead 21 6A of the second internal 
electrode 216 are positioned alternately without over- 
do lapping each other the adjoining terminal electrodes 
222 and 224 are arranged at the side faces 21 2B of the 
capacitor body 212 in a manner with the terminal elec- 
trodes 222 and 224 connected to the mutually different 
internal electrodes 214 and 216. 
[0156] Further, since the lead 21 8A of the third inter- 
nal electrode 21 8 and the lead 220A of thefourth internal 
electrode 220 are positioned alternately without over- 
lapping, the terminal electrodes 226 and 228 are ar- 
ranged at the side faces 21 2C of the capacitor body 212 

50 in a form with the adjoining terminal electrodes 226 and 
228 connected to the mutually different internal elec- 
trodes 218 and 220 through the leads 21 8A and 220A. 
[0157] Due to the above, in the present embodiment, 
four each of the terminal electrodes 222, 224, 226, and 

55 228 are arranged at four faces of the six faces of the 
muititerminal multilayer capacitor 21 0 made the rectan- 
gular parallelepiped, that is, the hexagonal shape. 
[0158] Next, an explanation will be given of the meth- 
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od of production of the multiterm inal multilayer capacitor 
210 according to the present embodiment with refer- 
ence to FIG. 22. 

[0159] As shown in FIG. 22, to form the first internal 
electrode 214 having two leads 21 4A each in the left 5 
and right directions, for example a conductive paste is 
printed or deposited on the top face of the ceramic green 
sheet 230A in accordance with the pattern of the first 
internal electrode 21 4. To form the second internal elec- 
trode 216 having two leads 21 6A each in the left and 10 
right directions on the top face of the ceramic green 
sheet 230B positioned below the ceramic green sheet 
230A, for example the conductive paste is printed or de- 
posited in accordance with the pattern of the second in- 
ternal electrode 216. 15 
[0160] Further, to form the third internal electrode21 8 
having two leads 21 8A each in the top and bottom di- 
rection on the top face of the ceramic green sheet 23 0C 
positioned below the ceramic green sheet 230B, a con- 
ductive paste is printed or deposited in the same way in 20 
accordance with the pattern of the third internal elec- 
trode 21 8. To form the fourth internal electrode 220 hav- 
ing two leads 220A each in the top and bottom direction 
on the top face of the ceramic green sheet 230 D posi- 
tioned below the ceramic green sheet 230C, a conduc- 25 
tive paste is printed or deposited in the same way in ac- 
cordance with the pattern of the fourth internal electrode 
220. 

[0161] Further, the ceramic green sheets 230A, 230B, 
230C, and 230D with rectangular planar shapes are 30 
stacked and the first terminal electrode 222 connected 
to the lead 21 4A of the first internal electrode 214, the 
second terminal electrode 224 connected to the lead 
21 6A of the second internal electrode 21 6, the third ter- 
minal electrode 226 connected to the lead 21 8A of the 35 
third internal electrode 218, and the fourth terminal elec- 
trode 228 connected to the lead 220A of the fourth in- 
ternal electrode 220 are arranged around the stacked 
ceramic green sheets. 

[0162] Further, the top face of the first internal elec- 40 
trode 214 and the portions between the terminal elec- 
trodes 222, 224, 226, and 228 are covered by the same 
material as the ceramic green sheets which are then 
cofired. As a result, it is possible to obtain a multiterminal 
multilayer capacitor 21 0 where the terminal electrodes 45 
222, 224, 226, and 228 are arranged at the four side 
faces 212B and 21 2C of the capacitor body 21 2. 
[0163] Next, the action of the multiterminal multilayer 
capacitor 21 0 according to the present embodiment will 
be explained. so 
[0164] The four internal electrodes 214, 216,21 8, and 
220 separated by the ceramic layers 21 2A are arranged 
separated by the ceramic layers 21 2A in the ceramic 
body 21 2 formed by stacking ceramic or other dielectric 
layers. These four internal electrodes 214 to 220 have 55 
leads 21 4A, 21 6A, 21 8A, and 220A led out toward the 
two facing. side faces of the capacitor body 212. The 
eight pairs, that is, the total 1 6, terminal electrodes 222, 



224, 226, and 228 arranged outside the capacitor body 
21 2 are connected to any of the four internal electrodes 
214 to 220 through these leads 21 4A to 220A. 
[0165] When these eight pairs of terminal electrodes 
222, 224, 226, and 228 are supplied with current, they 
alternately become positive and negative polarities and 
the four internal electrodes 21 4 to 220 connected to the 
terminal electrodes 222 to 228 through the leads 21 4A 
to 220A form electrodes of capacitors arranged in par- 
allel facing each other. 

[0166] That is, the leads 21 4A and 21 6A are led out 
toward the two facing side faces 21 2B of the capacitor 
body 212, while the leads 21 8A and:220A are led out 
toward the two facing side faces 21 2C ot the capacitor 
body 212. Therefore, currents flow straight by short 
routes at the time of carrying a current and the positive 
and negative currents intersect two-din ension ally to 
cancel out the magnetic fluxes among the four internal 
electrodes 2 14, 216, 218, and 220 in the multilayer elec- 
tronic device 21 0. As a result, the parasitic inductance 
of the multilayer electronic device 210 itself is sharply 
reduced. 

[0167] Due to the above, in the present embodiment, 
by reducing the parasitic inductance of the multiterminal 
multilayer capacitor 210 itself by the effect of cancella- 
tion of the magnetic fluxes, the ESL is reduced. 
[01 68] On the other hand, in the present embodiment, 
the capacitor body 21 2 is formed to a hexagonal shape, 
and the terminal electrodes 222, 224, 226, and 228 are 
arranged at the four side faces 212B and 21 2C of the 
hexagonal capacitor body 212 so that the adjoining ter- 
minal electrodes 222 and 224 at the side face 21 2B and 
the adjoining terminal electrodes 226 and 228 at the side 
face 212C are connected to the mutually different inter- 
nal electrodes 214, 216, 218, and 220. 
[0169] Therefore, since the terminal electrodes 222, 
224, 226, and 228 are provided at the four side faces 
21 2B and 21 2C of the hexagonal capacitor body 212, 
the routes over which the currents flow become the 
shortest. Further, when supplying high frequency cur- 
rents to the terminal electrodes 222, 224, 226, and 228 
so that the terminal electrodes 222, 224, 226, and 228 
of the side faces 21 2B and 21 2C become alternately 
positive and negative, currents flow from the terminal 
electrodes 222, 224, 226, and 228 of the four side faces 
to the internal electrodes 214, 216, 218, and 220 along 
with the four internal electrodes 21 4, 21 6, 21 8, and 220 
connected to the terminal electrodes 222, 224, 226, and 
228 becoming positive and negative polarities and in- 
tersect and as a result the parasitic inductance further 
falls. 

[01 70] Further, the adjoining terminal electrodes 222, 
224, 226, and 228 at the side faces of the capacitor body 
212 are arranged connected to mutually different inter- 
nal electrodes 214, 216, 218, and 220. Therefore, cur- 
rents flow so that the polarities of the adjoining terminal 
electrodes 222, 224, 226, and 228 become mutually dif- 
ferent and the effect of the magnetic fluxes created can- 
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celing each other out due to the high frequency currents 
flowing in the internal electrodes 214,216,218, and 220 
in mutually opposite directions is further enhanced. 
[0171] Next, a more detailed explanation will be given 
of the flow of currents in the multiterminal multilayer ca- 5 
pacitor 210 according to the present embodiment using 
FIG. 23. 

[0172] As shown in FIG. 23 which shows the state of 
the four internal electrodes 214,216,218, and 220 over- 
laid, the currents flow from the terminal electrodes 222 10 
and 226 through the leads 214A and 21 8A into the in- 
ternal electrodes 214 and 228 at the illustrated times 
and then flow through the leads 216A and 220A from 
the terminal electrodes 224 and 228 outside of the in- 
ternal electrodes 216 and 220. In the case of high fre- 15 
quency currents, however, they become opposite the 
next instant. Further, when current flows, magnetic flux- 
es determined in direction by the direction of the current 
are induced and a parasitic inductance arises. 
[0173] In the multiterminal multilayer capacitor 210 20 
according to the present embodiment, however, as 
shown in FIG. 23, the current flowing in from the leads 
21 4A and 218A of the internal electrodes 214 and 218 
spreads to a large angle and the currents gathered at 
the large angles flow out from the leads 21 6A and 220A 25 
of the internal electrodes 216 and 220. 
[0174] That is, since currents flow in various direc- 
tions, the majority of the magnetic fluxes induced due to 
currents is canceled out between adjoining internal elec- 
trodes and therefore a large magnetic flux is not gener- 30 
ated. Therefore, the parasitic inductance becomes 
smaller and along with this the ESL is reduced. 
[0175] Next, results of tests conducted to compare the 
ESL and ESR between the multiterminal multilayer ca- 
pacitor 210 according to the present embodiment and 35 
another capacitor will be shown. 
[0176] The ESL of the ordinary 321 6 type multitermi- 
nal multilayer capacitor was found to be 1250 pH and 
the ESL of the conventional multiterminal multilayer ca- 
pacitor was found to be 105 pH,. while the ESL of the 40 
multiterminal multilayer capacitor according to the 
present embodiment was found to be a small 75 pH. Fur- 
ther, the electrostatic capacities of the capacitors used 
for the tests were 1 \lF. Further, the "321 6 type" means 
a type of a size of a longitudinal 3.2 mm and a lateral 45 
1.6 mm. 

[0177] Next, an example of use of the multiterminal 
multilayer capacitor 210 according to the present em- 
bodiment will be explained based on FIG. 24. 
[0178] As shown in FIG. 24, the multiterminal multi- so 
layer capacitor 21 0 has a circuit B and four grounds C. 
By having the four first terminal electrodes 222 arranged 
at the two side faces 21 2B of the multiterminal multilayer 
capacitor 21 0 connected to the circuit A, the first internal 
electrode 21 4 is connected to the circuit A through the 55 
first terminal electrodes 222. Further, by having the four 
second terminal electrodes 224 arranged at the side fac- 
es 212B adjoining the first terminal electrodes 222, the 
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second internal electrode 216 is connected to the 
ground C through the second terminal electrodes 224. 
[0179] On the other hand, by having the four third ter- 
minal electrodes 226 arranged at the two side faces 
21 2C of the multiterminal multilayer capacitor 21 0 con- 
nected to. the circuit B, the third internal electrode 218 
is connected to the circuit B through the third terminal 
electrodes 226. Further, by having the four fourth termi- 
nal electrodes 228 arranged at the side faces 212C ad- 
joining the third terminal electrodes 226, the fourth in- 
ternal electrode 220 is connected to the ground C 
through the fourth terminal electrodes 228. 
[0180] That is, the multiterminal multilayer capacitor 
210 according to the present embodiment is made a 
structure giving electrostatic capacities between the 
four internal electrodes 214, 216, 218, and 220, so by 
dividing each two internal electrodes for use as ex- 
plained above, it becomes possible to handle two cir- 
cuits. 

Fifth Embodiment 

[0181] A multilayer electronic device according to a 
fifth embodiment of the present invention, that is, an ar- 
ray type multiterminal multilayer capacitor3 1 0, is shown 
from FIG. 25 to FIG. 27. As shown in these figures, the 
multiterminal multilayer capacitor 31 0 is comprised of a 
main portion consisting of a rectangular parallelopiped 
sintered body obtained by stacking a plurality of ceramic 
green sheets for use as dielectric layers and firing the 
stack, that is, a capacitor body 310. 
[0182] A planarfirst internal electrode 31 4 is arranged 
at a predetermined height position in the capacitor body 
312. A similar planar second internal electrode 316 is 
arranged below the first internal electrode 31 4 separat- 
ed by the ceramic layer 31 2A in the capacitor body 312. 
[0183] A planar third internal electrode 318 is ar- 
ranged below the second internal electrode 316 sepa- 
rated by the ceramic layer 31 2A in the capacitor body 
31 2. A planar fourth internal electrode 320 is arranged 
below the third internal electrode 31 8 separated by the 
ceramic layer 31 2A in the capacitor body 312. 
[01 84] Therefore, the first internal electrode 31 4 to the 
fourth internal electrode 320 are arranged facing each 
other separated by ceramic layers 31 2A in the capacitor 
body 31 2. The center of these first internal electrode 314 
to fourth internal electrode 320 is arranged to be at sub- 
stantially the same position as the center of the capac- 
itor body 312. Further, the longitudinal and lateral di- 
mensions of the first internal electrode 314 to the fourth 
internal electrode 320 are made smallerthan the lengths 
of the corresponding sides of the capacitor body 312. 
[0185] Further, as shown in FIG. 28, by leading out 
two electrodes each to the top and bottom directions and 
right direction, that is, the total three directions, of the 
first internal electrode 31 4, three pairs of leads 31 4A are 
formed at the first internal electrode 314. Further, by 
leading out two electrodes each to the top direction and 
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left and right directions, that is, the total three directions, 
of the second internal electrode 316 at positions not 
overlapping with the first internal electrode 314, three 
pairs of leads 31 6A are formed at the second internal 
electrode 316. 

[0186] On the other hand, by leading out two elec- 
trodes each toward the top and bottom directions and 
left direction of the third internal electrode 318 at posi- 
tions not overlapping with the second internal electrode 
316, three pairs of leads 31 8A are formed at the third 
internal electrode 31 8. Further, by leading out two elec- 
trodes each toward the bottom direction, and left and 
right directions of thefourth internal electrode 320 at po- 
sitions not overlapping the third internal electrode 318, 
three pairs of leads 320A are formed at the fourth inter- 
nal electrode 320. 
[01 87] Du e to the above, the leads 31 4A : 31 6A, 31 8A, 
and 320A are led out from the internal electrodes 314, 
316, 318, and 320 toward the three side faces 31 2B of 
the capacitor body 312. Further, those of the leads 31 4A 
of the first internal electrode 31 4 and the leads 31 8A of 
the third internal electrode 31 8 oriented in the same di- 
rection are arranged at the same positions when stack- 
ing the internal electrodes 314 and 318. Further, those 
of the leads 31 6A of the second internal electrode 316 
and the leads 320A of the fourth internal electrode 320 
oriented in the same direction are arranged at the same 
positions when stacking the internal electrodes 31 6 and 
320. 

[0188] Further, as shown in FIG. 25 to FIG. 27, the 
first terminal electrodes 322 connected to the leads 
314A of the internal electrode 31 4A and the leads 31 8A 
of the third internal electrode 318 are arranged at the 
four side faces 31 2B of the capacitor body 312. Further, 
the second terminal electrodes 324 connected to the 
leads 31 6A of the second internal electrode 31 6 and the 
leads 320A of the fourth internal electrode 320 are ar- 
ranged at the four side faces 31 2B of the capacitor body 
312. 

[01 89] Further, since the leads 31 4A and 31 8A of the 
internal electrodes 31 4 and 31 8 and the leads 31 6A and 
320A of the internal electrodes 316 and 320 are posi- 
tioned alternately without overlap, the first terminal elec- 
trodes 322 connected to the leads 31 4A and 31 6A and 
the second terminal electrodes 324 connected to the 
leads 31 6A and 320A are arranged at the side faces 
312B of the capacitor body 312 in an adjoining manner. 
Due to the relationship of the electrodes being led out 
from the leads to the three directions, each of the first 
terminal electrodes 322 is connected to only the leads 
31 4A or only the leads 31 8A, while each of the second 
terminal electrodes 324 is connected to only the leads 
316A or leads 320A. 

[0190] Due to the above : in the present embodiment, 
four each of the terminal electrodes 322, 324 are ar- 
ranged at four faces of the six faces of the multitermina! 
multilayer capacitor 310 made the rectangular parallel- 
opiped, that is, the hexagonal shape. 
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[0191] Next, an explanation will be given of the meth- 
od of production of the muttiterminal multilayer capacitor 
310 according to the present embodiment with refer- 
ence to FIG. 28. 

5 [0192] First, when producing the multiterminal multi- 
layer capacitor 31 0, a plurality of ceramic green sheets 
330A, 330B, 330C, and 330D comprised of dielectric 
materials functioning as capacitors is provided. 
[0193] As shown in FIG. 28, to form the first internal 

10 electrode 314 having two leads 31 4A each in the top 
and bottom direction and the right direction, for example 
conductive paste is printed or deposited on the top sur- 
face of the ceramic green sheet 330A in accordance 
with the pattern of the first internal electrode 314. To 

15 form the second internal electrode 31 6 having two jeads 
31 6A in each of the top direction and left and right di- 
rections on the top face of the ceramic green sheet 330B 
positioned below the ceramic green sheet 330A, for ex- 
ample conductive paste is printed or deposited in ac- 
20 cordance with the pattern of the second internal elec- 
trode 316. 

[01 94] Further, to form the third internal electrode 31 8 
having two leads each 31 8A in the top and bottom di- 
rection and the left direction on the top surface of the 
25 ceramic green sheet 330C positioned underthe ceramic 
green sheet 330B, similarly conductive paste is printed 
or deposited in accordance with the pattern of the third 
internal electrode 31 8. To form the fourth internal elec- 
trode 320 having two leads 320A each in the bottom di- 
sc rection and left and right directions on the top face of 
the ceramic green sheet 330D positioned below the ce- 
ramic green sheet 330C, similarly conductive paste is 
printed or deposited in accordance with the pattern of 
the fourth internal electrode 320. 
35 [0195] Next, the ceramic green sheets 330A, 330B, 
330C, and 330D with rectangular planar shapes are 
stacked and the first terminal electrode 322 connected 
to the leads 31 4A and 31 8A of the internal electrodes 
31 4 and 31 8 and the second terminal electrode 324 con- 
40 nected to the leads 31 6A and 320A of the internal elec- 
trodes 316 and 320 are arranged around the stacked 
ceramic green sheets. 

[0196] Further, the top face of the first internal elec- 
trode 314 and the portions between the terminal elec- 
ts trodes 322 and 324 are covered by the same material 
as the ceramic green sheets which is then cofired so as 
to obtain a multiterminal multilayer capacitor 310 with 
terminal electrodes 322 and 324 arranged at the four 
side faces 312B of the capacitor body 312. 
so [0197] Next, the action of the multiterminal multilayer 
capacitor 31 0 according to the present embodiment will 
be explained. 

[0198] Four internal electrodes 314, 316, 318, and 
320 are arranged separated by ceramic layers 312a in 
55 the capacitor body 312 formed by stacking ceramic or 
other dielectric layers. Further, these four internal elec- 
trodes 314 to 320 have leads 31 4A, 31 6A, 31 8A, and 
320A led out toward three side faces of the capacitor 
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body 31 2. A total of 1 6 terminal electrodes 322 and 324 
arranged outside the capacitor body 312 are connected 
to the four internal electrodes 314 to 320 through the 
leads 314A to 320A. 

[0199] When these total 16 terminal electrodes 322 
and 324 are supplied with current, they alternately be- 
come positive and negative polarities and the four inter- 
nal electrodes 314 to 320 connected to the terminal 
electrodes 322 to 324 through the leads 31 4A to 320A 
are arranged in parallel facing each other and form elec- 
trodes of capacitors. 

[0200] Due to the above, the leads 31 4A : 31 6A, 31 8A, 
and 320A of the four internal electrodes 314, 316, 318, 
and 320 are led out toward three side faces 31 2B of the 
capacitor body 312. Therefore, currents flow straight by 
short routes at the time of carrying a current along with 
the effective use of the space around the internal elec- 
trodes compared with a conventional multiterminal mul- 
tilayer capacitor where the leads are led out in two di- 
rections. Further, the positive and negative currents in- 
tersect two-dimension ally more to cancel out the mag- 
netic fluxes among the four internal electrodes 314,316, 
318, and 320 in the multilayer electronic device 31 0. As 
a result, the parasitic inductance of the multilayer elec- 
tronic device 310 itself is sharply reduced. 
[0201] As a result, in the present embodiment, by re- 
ducing the parasitic inductance of the multiterminal mul- 
tilayer capacitor 310 itself by the effect of cancellation 
of the magnetic fluxes, the ESL is reduced. 
[0202] On the other hand, in the present embodiment, 
the capacitor body 31 2 is formed to a hexagonal shape, 
the first terminal electrodes 322 are connected to the 
internal electrodes 314 and 318, and the second termi- 
nal electrodes 324 are connected to the internal elec- 
trodes 31 6 and 320, so the adjoining terminal electrodes 
322 and 324 at the side faces 31 2B are connected to 
mutually different internal electrodes and these terminal 
electrodes 322 and 324 are arranged at the four side 
faces 31 2B of the hexagonal capacitor body 312. 
[0203] Therefore, since the terminal electrodes 322 
and 324 are provided at the four side faces 31 2B of the 
hexagonal capacitor body 312, the routes over which 
the currents flow become the shortest along with maxi- 
mum use of the space around the capacitor body 312. 
Further, when supplying high frequency currents to the 
terminal electrodes 322 and 324 so that the terminal 
electrodes 322 and 324 of the side faces 31 2B become 
alternately positive and negative, currents flow from the 
terminal electrodes 322 and 324 of the four side faces 
312B to the internal electrodes 314, 316, 318, and 320 
along with the four internal electrodes 314, 316, 318, 
and 320 connected to the terminal electrodes 322 and 
324 becoming positive and negative polarities and in- 
tersect and as a result the parasitic inductance further 
falls. 

[0204] Further, the adjoining terminal electrodes 322 
and 324 at the side faces of the capacitor body 31 2 are 
arranged connected to mutually different internal elec- 



trodes 314 and 31 8 and internal electrodes 31 6 and 320. 
Therefore, currents flow so that the polarities of the ad- 
joining terminal electrodes 322 and 324 become mutu- 
ally different and the effect of the magnetic fluxes creat- 
5 ed canceling each other out due to the high frequency 
currents flowing in the internal electrodes 31 4, 31 6, 31 8, 
and 320 in mutually opposite directions is further en- 
, hanced. 

[0205] Next, a more detailed explanation will be given 
10 of the flow of currents in the multiterminal multilayer ca- 
pacitor 310 according to the present embodiment using 
FIG. 29. 

[0206] As shown in FIG. 29 which shows the state of 
the four internal electrodes 31 4, 31 6, 31 8, and 320 over- 
is laid, the currents flow from the terminal electrodes 322 
through the leads 31 4A and 31 8A into the internal elec- 
trodes 314 and 31 8 at the illustrated times and then flow 
through the leads 31 6A and 320Afrom theterminal elec- 
trodes 324 outside of the internal electrodes 316 and 
320. In the case of high frequency currents, however, 
they become opposite the next instant. Further, when 
current flows, magnetic fluxes determined in direction 
by the direction of the current are induced and a parasitic 
inductance arises. 

[0207] In the multiterminal multilayer capacitor 310 
according to the present embodiment, however, as 
shown in FIG. 29, the current flowing in from the leads 
31 4A and 318A of the internal electrodes 314 and 318 
spreads to a large angle and the currents gathered at 
the large angles flow out from the leads 31 6A and 320A 
of the internal electrodes 31 6 and 320. 
[0208] That is, since currents flow in various direc- 
tions, the majority of the magnetic flux induced due to 
current is canceled out between adjoining internal elec- 
trodes and therefore a large magnetic flux is not gener- 
ated. Therefore, the parasitic inductance becomes 
smaller and along with this the ESL is reduced. 
[0209] Next, results of tests conducted to compare the 
ESL and ESR between the multiterminal multilayer ca- 
pacitor 310 according to the present embodiment and 
another capacitor will be shown. 
[0210] The ESL of the ordinary 3216 type multilayer 
ceramic capacitor was found to be 1 250 pH and the ESL 
of the conventional multiterminal multilayer capacitor 
was found to be 1 05 pH, while the ESL of the multiter- 
minal multilayer capacitor 310 according to the present 
embodiment was found to be a small 45 pH . Further, the 
electrostatic capacities of the capacitors used for the 
tests were 1 up. Further, the "321 6 type" means a type 
of a size of a longitudinal 3.2 mm and a lateral 1 .6 mm. 
[0211] In the above embodiment, the direction of lead 
out of the leads of the internal electrodes was succes- 
sively rotated counter clockwise from the first internal 
electrode 31 4 to fourth internal electrode 320, but it may 
also be successively rotated clockwise. The leads may 
also be arranged in other orders. 
[021 2] Note that the present invention is not limited to 
the above-mentioned embodiments and may be 
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changed in various ways within the scope of the present 
invention. 



Claims 5 

1 . A multilayer electronic device comprising: 

a capacitor body formed by stacking dielectric 
layers; w 
a plurality of internal electrodes separated by 
dielectric layers inside said capacitor body, 
each having at least one lead led out toward 
any side face of said capacitor body, and differ- 
ing in position of arrangement of said lead with 15 
the nearby internal electrodes; and 
a plurality of terminal electrodes arranged at 
the outside surface of the capacitor body and 
connected to any of the plurality of internal elec- 
trodes through the leads; 20 
wherein the internal electrodes being divided 
into blocks of electrode patterns of a plurality of 
internal electrodes adjoining each other via 
said dielectric layers, and the electrode pat- 
terns of the internal electrodes belonging to the 25 
different blocks being the same in the shapes 
of the electrode patterns, but different in rota- 
tional positions about an axis perpendicular to 
the planes of the electrode patterns. 

30 

2. The multilayer electronic device as set forth in claim 
1 , wherein the capacitor body is shaped as a hex- 
agon and the plurality of terminal electrodes are ar- 
ranged at each of at least two side faces among the 
four side faces of the hexagonal capacitor body. 35 

3. The multilayer electronic device as set forth in claim 
1, wherein the capacitor body is shaped as a hex- 
agon and the plurality of terminal electrodes are ar- 
ranged at each of the four side faces of the hexag- 40 
onal capacitor body. 

4. The multilayer electronic device as set forth in claim 
2 or 3, wherein the terminal electrodes adjoining 
each other at the same side face where a plurality 45 
of terminal electrodes are provided are connected 

to different internal electrodes. 

f 

5. A method of producing a multilayer electronic de- 
vice comprising the steps of:- so 

forming on a dielectric layer an internal elec- 
trode of a pattern with at least one lead led out; 
stacking the dielectric layers on which the inter- 
nal electrodes of patterns different from each 55 
other are formed to prepare blocks respectively 
having a plurality of the same repeating elec- 
trode patterns; and 



stacking a plurality of the blocks in a state 
where the plurality of blocks are rotated about 
an axis orthogonal to the planes of the internal 
electrodes so that the blocks adjoining each 
other in the stacking direction are at mutually 
different rotational positions so as to form a ca- 
pacitor body. 

6. The method of producing a multilayer electronic de- 
vice as set forth in claim 5, further comprising, when 
stacking the plurality of blocks to form the capacitor 
body, forming the capacitor body in a hexagonal 
shape, arranging a plurality of terminal electrodes 
at each of the four side faces of the hexagonal ca- 
pacitor body, and connecting the terminal elec- 
trodes to any of the internal electrodes through the 
leads. 

7. A multilayer electronic device comprising: 

a capacitor body formed by stacking dielectric 
layers; 

four internal electrodes each having leads led 
out toward two opposite side faces of said ca- 
pacitor body and arranged separated by dielec- 
tric layers inside said capacitor body in a state 
with patterns of the leads differing from each 
other; 

four pairs of terminal electrodes arranged out- 
side the capacitor body and connected to any 
of the four internal electrodes through the 
leads. 

8. The multilayer electronic device as set forth in claim 
7, wherein: 

the capacitor body is shaped as a hexagon and 
the terminal electrodes are provided at each of 
the four side faces of the hexagonal capacitor 
body and 

the two opposite side faces and the two oppo- 
site side faces positioned rotated 90 degrees 
from these two side faces have terminal elec- 
trode array structures able to be used as inde- 
pendent capacitors. 

9. The multilayer electronic device as set forth in claim 
7 or 8, wherein the terminal electrodes are arranged 
at the side faces of the capacitor body so that the 
nearby terminal electrodes are connected to the 
mutually different internal electrodes. 

1 0. The multilayer electronic device as set forth in claim 
7,8 or 9, wherein said internal electrodes, including 
leads, having mutually different electrode patterns 
of the internal electrodes and stacked via said die- 
lectric layers form a block and a plurality of the 
blocks are arranged stacked and superposed to 
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constitute the capacitor body. 

1 1 . The device as set forth in claim 7,8,9 or 1 0, wherein 
a plurality of the leads are respectively led out from 
each internal electrode to each side face. 5 

12. A multilayer electronic device comprising: 

a capacitor body formed by stacking dielectric 
layers; 10 
four internal electrodes separated by dielectric 
layers inside said capacitor body and each hav- 
ing leads led out toward three side faces of said 
capacitor body; and 

a plurality of terminal electrodes arranged at an 15 
outside surface of the capacitor body and con- 
nected to any of the four internal electrodes 
through the leads. 

13. The multilayer electronic device as set forth in 20 
claim 12 , wherein the capacitor body is shaped as a 
hexagon and the terminal electrodes are provided 

at each of the four side faces of the hexagonal ca- 
pacitor body. 

25 

14. The multilayer electronic device as set forth in claim 

12 or 13, wherein the terminal electrodes are ar- 
ranged at the side faces of the capacitor body so 
that the nearby terminal electrodes are connected 

to mutually different internal electrodes. 30 

1 5. The multilayer electronic device as set forth in claim 

13 or 14, wherein patterns of the leads of the four 
internal electrodes differ from one another, and the 
leads which are led out from two internal electrodes 35 
separated via the one internal electrode to the two 
opposite side faces are respectively connected to 

the same terminal electrodes. 

16. The multilayer electronic device as set forth in claim 40 
12,13,14 or 15, wherein said internal electrodes, in- 
cluding leads, having mutually different electrode 
patterns of the internal electrodes and stacked via 
said dielectric layers form a block and a plurality of 
blocks are arranged stacked and superposed to *s 
constitute the capacitor body. 

17. The multilayer electronic device as set forth in any 
one of claims 1 to 1 6 : wherein the number of the 
terminal electrode is from 4 to 8. 50 

18. The device as set forth in any one of claims 1 to 16, 
wherein the number of the terminal electrode is from 
10 to 16. 



55 



19. The device as set forth in anyone of claims 1 to 18, 
wherein two to sixteen independent capacitor cir- 
cuits are formed in the capacitor body. 
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